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[57] ABSTRACT 

An all metal energy dissipator construction for dissipat- 
ing kinetic energy force (F) by rolling balls (26) which 
are forced by a tapered surface (32) on an expandable 
sleeve (22) to frictionally load a force rod (15). The balls 
(26) are maintained in an initial position (FIG. 1) by a 
plate member (48) which is biased by a spring member 
(50). A spring member (52) returns the force rod (15) to 
its initial position after a loading force (F) is removed. 

6 Claims, 3 Drawing Sheets 
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ENERGY DISSIPATOR 

ORIGIN OF THE INVENTION 

The invention described herein was made by employ- 5 
ees of the United States Government and may be manu- 
factured and used by or for the Government of the 
United States of America for governmental purposes 
without the payment of any royalties thereon or there- 
for. 1° 

FIELD OF THE INVENTION 

The present invention relates to an energy dissipator, 
and more particularly to a device for use in rapidly 
dissipating the energy of a moving mass or load where 15 
the device will automatically reset itself after the load is 
removed and is ready for repeated cycles and which 
consists of an all metal construction. 

BACKGROUND OF THE INVENTION 2 0 

Energy dissipators principally involve hydraulic 
shock absorbers which utilize a fluid and thus are sub- 
ject to fluid leaks which disable the usefulness of the 
devices or they involve friction washer shock absorbers 
which are typically nonadjustable without a reconstruc- 25 
tion and which cannot be automatically reset. 

The present invention concerns itself with an auto- 
matically resetable energy dissipator with an all metal 
construction. 

The following represents the available prior art pa- 30 
tents. 

U.S. Pat. No. 4,457,741 issued to H. W. Hoeptner on 
Jul 3, 1984. This patent discloses a chain tensioner de- 
vice which has a configuration somewhat similar in 
appearance to the present invention but is totally differ- 35 
ent in function and operation. The Hoeptner device is 
concerned with forcing a plunger by spring means in a 
body in one direction to transmit a chain tensioning 
force to a chain. An automatic locking device prevents 
retraction of the plunger into the body. The function 40 
and purpose of the device is to act as a reverse lock and 
prevent motion in one direction while permitting spring 
forced motion in the other direction. The device does 
not relate to any energy absorbing capability or func- 
tion. The Hoeptner device uses a steep ramp angle of 45 
15° to 25’ which is above the typical locking taper angle 
in mechanical devices. 

U.S. Pat. No. 3,820,634 issued to Lloyd R. Poe on 
Jun. 28, 1974. Poe discloses a shock resisting device 
which uses one or more indenting elements which en- 50 
gage and move along an elastomeric member to cause 
progressive deformation of the elastomer member and 
attendant energy absorption. It is the deformation of the 
elastomeric sleeve which provides the energy absorp- 
tion capability. In the Poe device, a high number of 55 
repeated cycles could cause wear to the elastomeric 
sleeve. 

U.S. Pat. No. 4,010,940 issued to A. Freyler on Mar. 

8, 1977. This telescopic shock absorber has a number of 
compressible spheres located between expansion and 60 
centering rings as well as a pair of slanting break discs 
for absorbing shock. The compressible spheres are 
made of rubber or another plastic material. 

U.S. Pat. No. 3,866,724 issued to H. S. Hollnatel on 
Feb. 18, 1975. This energy absorbing device is a fric- 65 
tional shock absorber which has a non linear relation- 
ship between the shock force and resistance to displace- 
ments. A resilient actuator member coacts with a wedge 
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member to urge friction pads into engagement with the 
walls of a housing member. The outward displacement 
of the friction pads increases as a function of movement 
of the wedge member. 

U.S. Pat. No. 3,127,788 issued to J. E. Martens on 
Apr. 7, 1964 discloses only a position retaining device 
which includes a shock absorber. 

U.S. Pat. No. 3,382,955 issued to G. P. Deyerling on 
May 14, 1968. This patent discloses the stroking of the 
impact rod actuates friction pads which move out- 
wardly so that the pads slide along the inner radius wall 
of the housing. This device utilizes a tapered cone to 
increase the frictional forces (now adjustable magni- 
tude) on pads as a function of the stroke. At the end of 
the stroke, the friction housing is expanded to permit 
the device to be reset. In another embodiment a bellows 
device is utilized to generate pressure on tapered sur- 
faces to increase the holding force of friction pads. 

None of the foregoing patents illustrate the present 
invention which provides for a dry or lubricated energy 
dissipating device. Laboratory tests have indicated that 
this invention works better lubricated than dry. In addi- 
tion, none of the previous inventions have a constant 
load behavior regardless of stroke or shock intensity. 

SUMMARY OF THE PRESENT INVENTION 

The present invention is embodied in an energy dissi- 
pator that utilizes constant sliding friction to dissipate 
the kinetic energy of a moving mass. The energy dissi- 
pator is automatically reset after removal of the load to 
allow repeated energy absorbing cycles and can be 
adjusted to absorb different magnitude loads. Energy 
dissipators according to the present invention may be 
constructed with nominal load magnitude of a few 
pounds to thousands of pounds with an adjustable range 
above and below the nominal setting. 

The energy dissipator includes a tubular housing 
which has a tranverse stop member located in a housing 
recess. A cylindrical force rod is slidably received in the 
stop member. The force rod may also be configured 
with longitudinal grooves to reduce contact stresses. A 
reset spring member is arranged with respect to the 
housing and to one end of the force rod to position the 
force rod in an unactuated condition. The reset spring 
member serves to reposition the force rod after an en- 
ergy absorbsion stroke of the force rod. In the housing 
recess is an internally tapered sleeve member which is 
disposed adjacent to the stop member. The sleeve mem- 
ber has an outer annular wall surface which is spaced 
from an inner cylindrical surface of the housing for 
radial expansion purposes. The sleeve member also has 
an inner frusto conical or tapered surface for develop- 
ing a loading force on the force rod. A plurality of balls 
are disposed in a ball retainer assembly located about 
the force rod. The balls are located between the force 
rod and the tapered surface of the sleeve member. The 
angle of the tapered surface is less than a taper locking 
angle so that when a moving mass impacts the end of 
the force rod, the force rod is stroked to compress the 
spring member and to roll the bails down the tapered 
surface and toward the stop member. The balls are 
moved by rotation and move radially inward to develop 
a frictional load on the force rod which increases until 
the ball retainer assembly (which contains the balls) 
reaches the stop member. When the ball retainer assem- 
bly reaches the stop member, the force rod continues to 
slide with respect to the balls with a constant sliding 
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friction force. This constant sliding friction force effi- 
ciently dissipates the kinetic energy of the moving mass 
acting on the force rod. 

After the force rod stops moving and the moving 
mass is removed from the force rod, the reset spring 5 
member applies a low load to the force rod in the re- 
verse stroke direction. Because the reverse stroke direc- 
tion causes the balls to move up the tapered surface and 
to release the holding force on the force rod, only very 
little load is needed to reset the force rod to its initial 10 
position. The stop member can be adjustably positioned 
in the housing for accommodating different energy 
forces. Multiple sets of tapered sleeve members each 
with sets of balls may be included within the housing to 
obtain higher force magnitudes with a given size force 15 
rod. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration in longitudinal cross section 
of an energy dissipator in an unenergized position; 20 

FIG. 2 is a view in longitudinally cross section show- 
ing the energy dissipator of the present invention in a 
fully energized position and prior to a reset; 

FIG. 3 is a force/stroke diagram; 

FIG. 4 is a view in cross section taken along line 4 — 4 25 
of FIG. 1; 

FIG. 5 is a cross section view of a ball retainer assem- 
bly prior to re-shaping; 

FIG. 6 is a view in longitudinal cross section through 
a ball retainer assembly of a modified form of the inven- 30 
tion shown in FIG. 1; 

FIG. 7 is a view in longitudinal cross section through 
a ball retainer assembly of a modified form of the inven- 
tion shown in FIG. 1; 

FIG. 8 and FIG. 9, respectively, are views in trans- 35 
verse cross section through a retainer ball assembly 
respectively showing different forms of force rod con- 
figurations; 

FIG. 10 is a view in longitudinal cross section show- 
ing a modified form of an energy dissipator with multi- 40 
pie stage ball retainer assemblies; 

FIG. 11 is a modified form of that shown in FIG. 6 
showing how the ball retainer assembly is installed as a 
cartridge; and 

FIG. 12 is the cartridge from FIG. 11. 45 

DESCRIPTION OF THE INVENTION 

As shown in FIG. 1, an energy dissipator 10 includes 
a tubular housing 11 which is constructed of metal. The 
housing 11 has a centrally located transverse wall stop 50 
section 12 with a bore 14 for slidably receiving an elon- 
gated and cylindrically shaped force rod 15. The force 
rod is made strong enough to handle the force load to be 
encountered without buckling. On either side of the 
wall section 12 is a co-axially arranged cylindrical re- 55 
cess 16 and 18. In one of the recesses 18 is a force ab- 
sorbing assembly 20 which includes an annular tapered 
sleeve member 22 and an annular frictional ball retainer 
assembly 24 where the ball retainer assembly 24 is dis- 
posed about the force rod 15. The balls 26 in the ball 60 
retainer assembly 24 engage the outer surface 30 of the 
force rod 15 and engage inner wall surface 32 of the 
sleeve member 22. The inner wall surface 32 is tapered 
or frusto conical which is at an angle relative to the 
central axis 34 of the force rod 15. The taper angle is less 65 
than the mechanical locking taper angle. The locking 
taper angle is that angle at which two parts tend to 
frictionally lock to one another. The outer wall surface 
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36 of the sleeve member 22 is cylindrical and is spaced 
from the inner wall of the recess 18 to provide a spacing 
gap 38. While ball members 26 are preferred, oblate 
spheroid or similar rolling members may also be used. 

The ball retainer assembly 24 includes a retainer 
housing 42 (see FIG. 4) which holds six balls 26 at an 
angular relationship of 60° relative to one another in ball 
sockets. An inner end surface 43 of the retainer housing 
42 is spaced from a facing stop surface 44 on the wall 
section 12. (See FIG. 1). Between the upper surface 47 
of the retainer housing 42 and an annular cap member 
48 is a wavy spring washer 50 to resiliency bias the ball 
retainer assembly 24 toward the facing stop surface 44. 
A retainer ring 88 serves to hold all the various parts in 
the housing 11. A compression spring member 52 is 
disposed between the cap member 48 and an end loca- 
tion 54 of the force rod 15. An inverted cup member 56 
is attached at the end location 54 to the force rod 15 and 
has a downwardly extending sleeve 58 which serves to 
contain the spring 52 when it is fully compressed (see 
FIG. 2). 

Referring now to FIG. 3, an ideal force vs. stroke 
relationship is illustrated with the stroke of a force rod 
15 being illustrated on an X axis and the force or magni- 
tude of force being illustrated on a Y axis. When a mov- 
ing mass first impacts the end of the force rod 15 with a 
force F causing the force rod 15 to stroke and to com- 
press the spring 52, as shown in FIG. 2, the stroke of the 
force rod 15 causes the balls 26 to rotate in the ball 
retainer assembly 24 because of friction with the force 
rod 15 and the wall surface 32 so that the inner end 
surface 43 of the retainer assembly 24 moves to contact 
the facing stop surface 44. (See FIG. 2). The decreasing 
annular space between the tapered wall surface 32 and 
the outer surface 30 of the force rod 15 causes the balls 
26 to apply force between the cuter surface of the rod 
15 and the wall surface 32 of the sleeve member 22. This 
force can expand the sleeve member 22 in the spacing 
gap 38. As the force on the force rod 15 increases (see 
FIG. 3) from an initial force/stroke location A (see 
FIG. 3) to a force/stroke location B where the inner 
end surface 43 of the ball retainer assembly 24 reaches 
the facing stop surface 44 of the stop section 12. After 
the ball retainer assembly 24 reaches the stop section 12, 
the force rod 15 continues to move with frictional 
contact with respect to the balls 26 and with a constant 
sliding friction force while compressing the spring 52. 
The constant friction force is shown by the curve C in 
FIG. 3 while the curve D shows the sum of constant 
friction force and the compression force on the return 
spring 52. This constant sliding friction force and the 
spring compression dissipates the kinetic energy of the 
moving mass. The cup member 56 serves to retain the 
spring 52 in alignment with the force rod 15. The lower 
end of the force rod 15 is retained within the recess 16. 

When the movement of the mass is dissipated and the 
force on the force rod 15 is released (Point EXSee FIG. 
3), the reset spring 52 applies a low load force to the end 
of the force rod 15 in the reverse stroke direction (curve 
F, FIG. 3). The reverse stroke movement of the force 
rod 15 causes the balls 26 to move the ball retainer 
assembly 24 away from the facing stop surface 44 and to 
release the frictional forces on the force rod 15. Only a 
very little load is needed to reset the force rod 15 to its 
initial position. 

The relationship for establishing the load level for an 
energy absorber unit can be accomplished during con- 
struction by making an oversized or thicker retainer 
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housing 42 with an initial thickness T (See FIG. 5). The 
unit is assembled and a load force is then applied to the 
force rod 15 to determine if the inner end surface 43 
bottoms out on the stop surface 44 and the force stroke 
relationship as shown by FIG. 3 is obtained. To obtain 
this relationship, the top and bottom surfaces 47A, 43A 
(FIG. 4) of the retainer housing 42 are shaved so that 
the thickness of the retainer housing 42 is reduced as 
necessary by cut and try to reach the desired load level. 

As the thickness of the retainer decreases, the load level 
increases. 

In FIG. 6 another form of the invention is illustrated 
wherein the spring 52' is disposed within the cylindrical 
recess 16 between a stop plate 60 on the force rod 15' 
and a retainer ring 62 in the recess 16. This relocation of 
the spring member eliminates the need for a protective 
cover for the spring member. 

In FIG. 7 another form of the invention is illustrated 
wherein the center stop section is an externally thread 
member or plug 12' disposed in a threaded section 13 of 20 
the housing 11'. A spanner wrench can be applied to the 
plug 12' to adjust the spacing between the retainer inner 
end surface 43 and the facing stop surface 44' on the 
plug 12'. A locking means 13A keeps the plug 12' from 
rotating after adjustment. 

In FIG. 8, another form of the invention is illustrated 
where the force rod 15A is provided with longitudi- 
nally extending grooves 66 with a curvature similar to 
the curvature of the balls 26. This provides for greater 
contact surface. 

In FIG. 9, another form of the invention is illustrated 
where the force rod 15B is provided with a hexagonal 
cross section where surfaces 68 contact balls 26 and 
prevent rotation of the force rod 15B relative to the 
housing. 

In FIG. 10, a multistage configuration is illustrated. 

By using multiple ball retainer assemblies instead of one 
assembly, the size of the energy dissipator can be con- 
siderably reduced. As shown in FIG. 10, the housing 70 
has a cylindrical recess 72 which contains three ball 40 
retainer assemblies 74A,74B and 74C, and three annular 
sleeves, 76A,768 and 76C. A separator plate 78A,78B 
and 78C and spring members 80A,80B and 80C act on 
each retainer assembly. The configuration of each re- 
tainer assembly is the same. The force rod 82 has a stop 45 
nut 83 at one end and a force cup 85 at the other end. A 
compression spring 84 on the force rod 82 is disposed 
between the separator plate 78C and the force cup 85. 
When a force is applied to the force cup 85 while the 
housing 70 is stationary, each of the stages or ball re- 50 
tainer assemblies equally or nearly equally absorbs the 
frictional forces generated. 

As an example of its compactness of the system of 
FIG. 10, the housing 70 is less than two inches long, less 
than one inch in diameter and with a force rod about 55 
3/16 of an inch in diameter. The force rod 82 can be 
made from corrosion resistant steel 455, AMS 5617 and 
nitrided to provide very hard hardness. The taper rings 
76A,76B,76C can be made of material MP 35N, AMS 
5844 and heat treated at 1025* F. for four hours fol- 60 
lowed by air cooling. The housing 70 can be made of 
corrosion resistance material 15-5, AMS 5659. With this 
design, the stroke of the force rod 82 is about i inches 
for a stroke load of 225 pounds. 

Another form of the invention is shown in FIGS. 11 65 
and 12. Instead of assembling individual parts into the 
housing 11, it may be more advantageous in some appli- 
cations to assemble the energy absorbing element 86 
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shown in FIG. 12 as a prepackaged cartridge into the 
housing 11 and retained by retainer ring 88. The car- 
tridge 86 consists of the ball retainer 24", balls 26", 
tapered sleeve member 22", wavy spring 50", cup 87, 
5 and a cap member 48" retained by the swaging of the 
end of cap member 48". 

It will be apparent to those skilled in the art that 
various changes may be made in the invention without 
departing from the spirit and scope thereof and there- 
10 fore the invention is not limited by that which is en- 
closed in the drawings and specifications, but only as 
indicated in the appended claims. 

We claim: 

1. An energy dissipator system for absorbing kinetic 
15 energy between relatively movable elements at a con- 
stant rate, said energy dissipator system including: 

a hollow support housing; 

an energy rod member, said rod member being slid- 
ably disposed in said support housing and defining 
an annular recess with said support housing; 
said rod member and said support housing being rela- 
tively displaceable and adapted for independent 
connection to external relatively moveable ele- 
ments; 

energy dissipator means disposed in said annular re- 
cess and including an elastically expandable sleeve 
member having an internal frusto conical tapered 
surface disposed at an angle relative to the outer 
surface of said rod member which angle is less than 
a locking taper angle and including rolling mem- 
bers disposed in contacting relationship between 
the outer surface of said rod member and said ta- 
pered surface; and 

a stop portion disposed in said housing providing 
means for limiting travel of said rolling members 
upon movement of said rod member relative to said 
tapered surface in a first direction of relative move- 
ment said stop portion being adjustable relative to 
said housing for changing the spacing between said 
rolling members and said stop portion for develop- 
ing a constant sliding friction force on said rod 
member during such relative movement. 

2. The energy dissipator system as set forth in claim 1 
wherein said rolling members are maintained in contact 
with said tapered surface and said rod member by resil- 
ient means. 

3. The energy dissipator system as set forth in claim 1 
wherein resilient means are disposed between the end of 
said rod member and said support housing for providing 
a low load return force on said rod member after a 
kinetic load has been absorbed. 

4. The energy dissipator system as set forth in claim 1 
wherein said sleeve member is spaced inwardly from an 
inner wall of said support housing for providing an 
expansion gap for said sleeve member. 

5. The energy dissipator system as set forth in claim 1 
wherein said energy dissipator means includes a hollow 
housing member with a cover member for indepen- 
dently enclosing said sleeve member and said rolling 
members where said hollow housing member is dis- 
posed in said annular chamber. 

6. The energy dissipator system as set forth in claim 5 
and further including resilient means located between 
said rolling members and said cover member for resil- 
iency biasing said roller members into contact with said 
tapered surface. 


* * * * * 



